Abstract
of the Indus Valley catchment, and is the major backthrust to the Tethyan Himalaya 23 in this region. We use normalised river channel gradients of the tributaries that drain 
Introduction

42
The topography of active mountain ranges records surface uplift in response to 43 crustal thickening countered by erosion (e.g. Dahlen, 1990 ). The horizontal velocities 44 that drive crustal thickening are commonly an order of magnitude higher than the 45 vertical, and so it is expected that this should be recorded by the topography 
52
It is reasonable to suggest that such large scale forcing of topography must also play 53 a role in determining the geometry of river catchments and their channel courses. At stream power model, the fault offset generates an oversteepened channel reach
79
(knickpoint or knickzone) that migrates upstream as a kinematic wave. Additionally, 80 the model predicts that sustained differential rock uplift across a fault will generate 81 increased channel steepness (for a given upstream area) on the upthrown block .
82
Analyses of channel steepness has been used to assess fault activity in mountain 
86
Little is known of the interaction between thrust shortening and the consequent 87 deformation of catchment shape as opposed to the offset of individual channels by 88 faults. As yet, there has been no demonstration of the horizontal convergence of 89 drainage divides in response to shortening on a thrust fault that bisects a catchment.
90
In order to do this, both the shortening and the time equivalent erosional response 91 need to be quantified to determine the topographic response.
92
The objective of this study is to test whether rates of horizontal displacement across 
174
In the Leh region of the valley, the northwesterly flowing Indus River is bound 175 by large alluvial fans draining the Indus Molasse from the southwest. These fans 176 appear to force the present river channel to bank up against the interfluve ridges of 177 the batholith to the northeast (Fig. 3) . A terrace containing evidence of lake 178 sedimentation forms the distal margin of these alluvial fans (Fig. 4) , and other (Fig. 4) .
219
The sedimentology of the T1 infill is best exposed around Spituk ( that is interpreted as a surficial debris flow deposit that ranges from 2-5 m thick (unit 255 2, figs 6 and 7). This debris flow is draped by finely laminated pale siltstones that are 256 interpreted as lake deposits (unit 3, figs 6 and 7). These siltstones are capped by 257 gravels of the abandoned T1 alluvial fan surface (unit 4, figs 6 and 7); this surface 258 has since been dissected by a dense network of modern river channels (Fig. 5b) . In 259 comparison, the lower T2 fill is undeformed. Samples were collected in copper tubes (2.5 cm diameter, 12 cm long) that were 285 tapped into the target deposits parallel to the stratigraphic orientation. The tubes 286 were sealed with black tape to avoid light penetration and to minimise any moisture 287 loss within the tubes. At least 2 cm of sediment from both ends of each tube were 288 used for dosimetry measurements, and the remaining material was used for dating.
289
Analysis of luminescence behaviour, dose rate estimation and age calculations were 290 conducted at University of St Andrews using the protocol outlined in King et al. 
OSL results -T1 terrace fill:
The four samples from the deformed T1 terrace 295 succession near the Markha junction generated ages, in ascending stratigraphic 296 order of 35.6 ± 2.7, 73.0 ± 0.7, 40.0 ± 5.2 and 77.2 ± 11.7 ka (Fig. 6) ; given the 297 observed stratal sequence, these cannot all represent true depositional ages. Having 298 confidently correlated the T1 succession from Spituk to the Markha junction (Fig. 4b) , 299 we would expect the ages to fall within the time interval of 50.8 ± 5.4 to 31.0 ± 0.7 ka 300 based on the radiocarbon ages at Spituk (Phartiyal et al., 2005) . In order to be 301 confident of the OSL correlation to the radiocarbon ages, we also ran a sample from 302 the top of the Spituk T1 succession and obtained an age of 27.5 ± 3.0 ka.
303
Consequently our interpretation of the ages at the Markha junction locality is that the 304 two ages that are significantly older than the radiocarbon age bracket record age It has been recognised for over a century that erosion rates in bedrock channels 332 should increase with increasing channel gradient and water discharge (e.g., Gilbert, where -m/n = θ.
361
The choice of the integrand in equation (1) space, given constant bedrock erodibility and local uplift rates. These segments can 371 be described by: and to determine a regional m/n value to be used in calculating Mχ values.
409
In the Ladakh region, it has been previously noted that river concavity (i.e. South.
421
The channel steepness for all rivers across the region demonstrate a high 422 degree of variability (Fig. 8a) (Fig. 8b) .
432
We compare Mχ values for opposing catchments on either side of the Indus
433
River valley (Fig. 9c) Thrust, as identified in the deformed terraces (Fig. 6) can be traced as an active 476 structure along the range front at the head of the large alluvial fans that feed the
477
Indus Valley (Fig. 8b) , and that there is likely to be additional active displacement 
484
The dissection of the T1 fan surface described previously (Fig. 5b) 1.2 km from the modern Indus river channel and 120 m higher (Fig. 5c) .
492
Overlying the boulder conglomerate is a poorly structured gravel comprising angular River channel has migrated northeastward since ca. 50 Ka. 
Erosion rates across Indus Valley
505
Having calculated rates of structural displacement across the Stok Thrust, published were at least twice as fast relative to those in the batholith since at least ca. 14 Ma.
536
The absolute erosion rates are difficult to assess due to lack of multiple of a rock at the surface (Lal, 1991 as those over the batholith on the opposing side of the Indus Valley (Fig. 9b) . Fig.11) 
563
Interpretation of results (
564
The above results confirm that structural shortening is taking place across the The steepened river channels enable the field of high rock uplift relative to the Indus
571
River valley to be mapped to the east of the observed thrust, indicating that the Stok 572 thrust has been active along the north-eastern margin of the mountain front. versus the erosion rate in the hanging wall of the thrust (Fig. 1) . The vertical rock 582 displacement rate is a function of the horizontal displacement rate (Vh) times the 583 combined tangents of the dip of the thrust (β) and the topographic slope (α). The
584
Stok Thrust has a measured dip at the surface of 37°, and the mean surface slope of 585 the Stok Range from ridge crest to valley floor is approximately 8° (Fig. 9a) . converted into a topographic displacement at the surface, the rest being eroded.
593
The implication is that the drainage divide that forms the spine of the Stok Range 594 must be migrating towards the Indus River at approximately half the rate of 595 horizontal displacement on the Stok Thrust, equating to approximately 0.13 m kyr -1 .
596
However, given the presence of knickzones up the Stok Range catchments (Fig. 9c) the Indus Molasse testify to the northeastward migration of the present river channel.
671
The interpreted mechanism is that relatively high sediment yield from the Stok 
